Abstract. Hedgehog (Hh) signaling pathway is considered to play a crucial role in vertebrate development and carcinogenesis. Additionally, epithelial-mesenchymal transition (EMT) is a cellular process during which epithelial cells become mesenchymal-appearing cells, facilitating cancer metastasis and invasion. Accumulating evidence has indicated that the Hh signaling pathway could potentiate the epithelial-mesenchymal transition (EMT). In the present study, we demonstrated that tetrandrine, a bisbenzylisoquinoline alkaloid isolated from Stephaniae, exerts its anti-metastatic ability in bladder cancer cells by regulating GLI family zinc finger 1 (Gli-1), a key factor of Hedgehog signaling pathway. In our study, we confirmed that tetrandrine could impede migration and invasion in bladder cancer 5637 and T24 cells. Additionally, tetrandrine reverses EMT by increasing the expression of E-cadherin and reducing the N-cadherin, vimentin and Slug expression in a dose-dependent manner. Interestingly, tetrandrine also decreases mobility and reduces the expression of Gli-1 in bladder cancer cells. Moreover, we verified that tetrandrine inhibits metastasis and induces mesenchymal-epithelial transition (MET) of bladder cancer through downregulation of Gli-1, which could be partially reversed by Gli-1 overexpression. In conclusion, our findings show that tetrandrine inhibits migration and invasion, and reverses EMT of bladder cancer cells through negatively regulating Gli-1. It indicates that Gli-1 may be a potential therapeutic target of tetrandrine against bladder cancer.
Introduction
Bladder cancer is the most common malignant tumor of the urinary system worldwide, accounting for 74,000 new cases and 16,000 deaths annually in 2015 (1) . Despite intense efforts toward improving the therapeutic success in treating bladder cancer, ~10% non-muscle-invasive bladder cancer ultimately progressed to muscle-invasive bladder cancer (2) . Tendency to invade and transfer is believed to be a major cause of treatment failure in bladder cancer.
Epithelial-to-mesenchymal transition (EMT) is of great necessity for the initiation of the metastatic cascade. The process confers migratory, invasive and stem-like properties upon cells (3) , and epithelial polarized cells ultimately turn into motile mesenchymal-appearing cells (4) . In epithelial cells during EMT, cellular phenotype has a series of changes, including the loss of cell-cell contacts, cell polarity and epithelial markers, particularly E-cadherin. Moreover, cells acquire mesenchymal-appearing properties. Additionally, cellular cytoskeleton change during EMT confers mesenchymal phenotypes, such as increased motility (5, 6) . The induction of EMT can cause cancer cells to invade through the basement membrane and colonize into the distant solid organs. Hence, the EMT process is essential for the invasion-metastasis cascade of cancer.
The Hedgehog (Hh) signaling pathway has been implicated to vertebrate development, cell differentiation and carcinogenesis (7) . It was reported that the Hh signaling pathway is aberrantly expressed in various cancers, including breast cancer (8) , prostate cancer (9) and lung cancer (10) . Moreover, accumulating evidence shows that Gli-1, a crucial factor in the Hedgehog (Hh) signaling pathway, could increase the expression of N-cadherin and Snail, while decrease the expression of E-cadherin (11) . Furthermore, Hedgehog signaling pathway enhanced invasive and metastatic potential of hepatocellular carcinoma (12) . These results suggest that there may be a close association in the occurrence of EMT and metastasis with Hedgehog signaling pathway. Tetrandrine (TET), isolated from traditional Chinese medicine Stephaniae, is widely used for a broad spectrum of pharmacological events, including antihypertension, antisilicosis and antiarrhythmia. Accumulating evidence has shown the strong anticancer effect of tetrandrine. For many tumors such as prostate cancer (13, 14) , colon cancer (15, 16) , gastric cancer (17) , esophageal squamous carcinoma (18) , tetrandrine exhibited beneficial impact on reversion of multidrug resistance (18, 19) , apoptosis induction, cell cycle arrest, inhibition of angiogenesis, chemosensitization, inhibition of metastasis (20) , involved in ROS/AKT pathway (21), Wnt/β signaling pathway (22) , intrinsic apoptotic signaling pathway, and mitogen-activated protein kinase activation.
Li et al (23) showed that tetrandrine exerts anticancer effects against bladder cancer via growth inhibition and apoptosis induction. In spite of its anticancer potential, however, the anti-metastasis effect and the underlying mechanism of tetrandrine on bladder cancer has not yet been elucidated. In particular, there have been no studies showing whether tetrandrine inhibits the Hh signaling pathway to regulate the EMT in bladder cancer. The aim of the present study was to focus on the potential of tetrandrine as an inhibitor of the Hh pathway, which reverses EMTs and inhibits migration and invasion, in bladder cancer.
Materials and methods
Reagents and cell culture. Human bladder cancer cell lines 5637, T24, 253, BV, J82 and UC3, and bladder epithelial SVHUC-1 cell were obtained from the American Type Culture Collection (Manassas, VA, USA). These cell lines were cultured in 1640/Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum (Gibco, Grand Island, NY, USA) and 1% penicillinstreptomycin (Invitrogen, Carlsbad, CA, USA) at 37˚C in a humidified atmosphere with 5% CO 2 .
Cell proliferation assay. A modified MTT assay was used to detect cell proliferation viability. Briefly, 5637 and T24 cells were seeded at a density of 1x10 4 cells with 90% density in 96-well plates and treated with increasing doses of tetrandrine for 24 h. Then, 20 µl MTT dye solution (5.0 mg/ml) was added to each well and incubated at 37˚C for 4 h. After incubation, the culture medium was discarded and the cells were lysed with dimethyl sulfoxide to dissolve the formazan crystals. The optical density (OD) of each well was detected at a wavelength of 490 nm using a 96-well microplate reader (Bio-Rad, Hercules, CA, USA). Wound healing assay. Bladder cancer 5637 or T24 cells were seeded onto 6-well plates. When the cell density reached >90%, scratch wounds were made across the monolayer using the tip of a 200-µl pipette. Then the wounded cultures were incubated in a serum-free medium with various concentrations of tetrandrine at different times, and five random fields (x100) were chosen from each scratch wound and visualized by microscopy to assess the ability of cell migration. The experiments were performed in triplicate.
Transwell migration assay. Transwell migration assays were performed using bladder cancer 5637 and T24 cells after treatment with tetrandrine. Cells (5637: 6x10 4 or T24: 3x10 4 ) with 200 µl serum-free medium were plated onto the top chamber, and 800 µl of medium supplemented with 10% fetal calf serum were added to the lower chamber. After incubation at 37˚C for various times, cells adhering to the top chambers were wiped out with a cotton swab. The migratory cells on the lower surface of the filter were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet (Beyotime, Shanghai, China). Cells that had migrated to the lower surface were counted in five randomly chosen visual fields under a microscope at x100 magnification. All of the data were obtained from three independent experiments.
Matrigel invasion assay.
The impact of tetrandrine on the invasion of bladder cancer cells was determined by Matrigel invasion assay using a Millicell chamber (Millipore, Billerica, MA, USA). The membrane (polycarbonic membrane, 6.5 mm diameter, 8-µm pore size) in the upper chamber was coated with 50 µl Matrigel (Matrigel: serum-free medium 1:5). After incubation at 37˚C for 5 h, the cells (5637: 12x10 4 or T24: 6x10 4 in 200 µl medium of serum starvation, respectively) were treated by the same procedures as described above, similarly to the Transwell migration assay.
Quantitative real-time PCR assay. 5637 and T24 cells were cultured in the experimental conditions and their total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's protocol. Then complementary DNA (cDNA) was synthesized using a PrimerScript RT reagent kit (Takara, Dalian, China). Additionally, the relative levels of target gene messenger RNA (mRNA) transcript were detected by quantitative real-time PCR assay (qRT-PCR) using the SYBR Green Master Mix. The sequences of primers for the PCR amplification were forward, 5'-AGCGTGAGCCTG AATCTGTG-3' and reverse, 5'-CAGCATGTACTGGGCTTT GAA-3' for Gli-1 (188 bp); forward, 5'-CGAGAGCTACACGT T CACGG-3' and reverse, 5'-GGGTGTCGAGGGAAAAAT AGG-3' for E-cadherin (119 bp); forward, 5'-TCAGGCGTCTG TAGAGGCTT-3' and reverse, 5'-ATGCACATCCTTCGATAA GACTG-3' for N-cadherin (94 bp); forward, 5'-GACGCCATCA ACACCGAGTT-3' and reverse, 5'-CTTTGTCGTTGGTTAGC TGGT-3' for vimentin (238 bp); forward, 5'-CGAACTGGACA CACATACAGTG-3' and reverse, 5'-CTGAGGATCTCTGGT TGTGGT-3' for Slug (87 bp); forward, 5'-CATGTACGTTGCTA TCCAGGC-3' and reverse, 5'-CTCCTTAATGTCACGCAC GAT-3' for β-actin (250 bp). All assays were performed in triplicate and were calculated on the basis of the ∆∆Ct method. The n-fold change in mRNAs expression was determined according to the method of 2 -∆∆Ct .
Western blotting. Briefly, the bladder cancer cells were harvested 24 h after the tetrandrine treatment, and lysed on ice for 10 min with a lysis buffer [10 mmol/l Tris-HCl (pH 7.4), 150 mmol/l NaCl, 0.1% sodium dodecyl sulfate (SDS), 1 mmol/l ethylenediaminetetraacetic acid, 1 mmol/l ethylene glycol tetraacetic acid, 0.3 mmol/l phenylmethylsulfonyl fluoride, 0.2 mmol/l sodium orthovanadate, 1% NP-40, 10 mg/ml leupeptin and 10 mg/ml aprotinin]. After centrifugation, the clarified protein lysates (~30-60 µg) were separated by SDS-polyacrylamide gel (10%) and transferred to polyvinylidene membranes (Millipore, Bedford, MA, USA). Immunoblotting was subsequently performed with the primary antibody against E-cadhrein, N-cadherin, vimentin, as well as Slug, and β-actin overnight at 4˚C. The membranes were then washed and incubated with horseradish peroxidase (HRP)-conjugated secondary antibody at room temperature (25˚C). Ultimately, the protein bands were visualized with ECL substrate and exposed to X-ray film.
Immunofluorescence microscopy. The immunofluorescence staining of F-actin was performed following the manufacturer's protocol. In brief, cells on slides were washed and fixed with 4% paraformaldehyde for 15 min. After being washed, cells were permeabilized with 0.1% Triton X-100 for 5 min. Then cells were stained with 20 µl F-actin for 30 min and DAPI dye for 5 min. Nikon (Tokyo, Japan) A1 confocal microscope was used for the observation of micrographs.
Plasmid transfection. Gli-1 cDNA was cloned into pcDNA3.1 vector. When bladder cancer 5637 or T24 cells achieved 70-80% confluency for plasmid transfection, the cells were transfected with X-treme Gene HP DNA transfection reagent (Roche, Germany) for 48 h according to the manufacturer's instructions, and harvested for the turnover experiments.
Statistical analysis. GraphPad Prism (vesion 5.0) software was used for all statistical analyses, and Student's t-test (two-sided) was used for comparisons involving only two groups. A value of P<0.05 was considered statistically significant.
Results
The antiproliferative effect of tetrandrine in bladder cancer 5637 and T24 cells. Fig. 1A shows the chemical structure of tetrandrine with the molecular structural formula C 38 H 42 N 2 O 6 and a molecular weight of 622.74988 g/mol. The MTT assays showed that tetrandrine did not have a significant inhibitory effect on normal bladder epithelial SVHUC-1 cells (Fig. 1B) , which indicated that tetrandrine had low cytotoxity on normal cells. While the growth of bladder cancer 5637 and T24 cells was significantly inhibited by tetrandrine at a concentration of ≥0.5 µM, and at cell density >90% (Fig. 1C-F) . Based on the above, tetrandrine at 0.5 µM (a <10% inhibitory rate) was chosen as the appropriate dose in the subsequent studies, to exclude the suppressing interference from bladder cancer proliferation by tetrandrine.
Tetrandrine suppresses the migration and invasion of bladder cancer 5637 and T24 cells.
In order to determine the function of tetrandrine on bladder cancer cell migration, wound healing assay and Transwell migration assay were assessed under a microscope at 0 and 24 h. The results showed that the scratches of the cells treated with tetrandrine were much wider than that in control group ( Fig. 2A and B) . Furthermore, tetrandrine in the 5637 cells decreased cell migratory ability after 24 h (Fig. 2C) . Similarly, treatment of the T24 cells with tetrandrine resulted in a prominent decrease in migration compared to the control group (Fig. 2D) . These results indicated that tetrandrine was able to repress migration in the human bladder cancer 5637 and T24 cells. Next, using a Matrigel invasion assay, we focused on whether tetrandrine could affect the invasiveness of bladder cancer cells. The results showed that tetrandrine significantly decreased invasive capability of 5637 and T24 cells (Fig. 2C and D) . These results indicated that tetrandrine might play a crucial role in inhibiting the migration and invasion potential of human bladder cancer cells, as presented by the observation in the wound-healing and Transwell assays.
Tetrandrine reverses epithelial-mesenchymal transition (EMT) in human bladder cancer cells.
EMT is essential in tumorigenesis and cancer progression (24) . We, therefore, examined the effect of tetrandrine on the mRNA and protein expression of EMT markers in bladder cancer cells. The results showed that the expression of N-cadherin, vimentin and Slug reduced, while the expression of E-cadherin increased in a concentration-dependent manner (Fig. 3A and B) , suggesting that tetrandrine could block EMT. Then we detected the stress fibers (F-actin) in bladder cancer 5637 cells treated with tetrandrine, or not, with confocal immunofluorescence microscopy. Interestingly, we found that in tetrandrine-treated cells, the bundled F-actin (stress fibers) drastically decreased (Fig. 3C) , which indicated the mobility of 5637 cells was inhibited by tetrandrine.
Tetrandrine downregulates the expression of Gli-1 in bladder cancer 5637 and T24 cells. Hedgehog (Hh) signaling pathway has been reported to play important roles in tumorigenesis and progression of several human cancers (25) (26) (27) . Gli-1 is a key member of Hh signaling pathway signaling (28) . Therefore, we detected Gli-1 level in normal bladder epithelial cells and 6 bladder cancer cell lines (5637, T24, 253, BV, J82, UC3). Total RNA was extracted from these cell lines, and through quantitative real-time PCR analysis, we found that expression of Gli-1 in normal bladder epithelial cells is significantly lower than that in bladder cancer cells (Fig. 4A) , which indicated that the relative level of Gli-1 is upregulated in bladder cancer cells.
To confirm the ability of tetrandrine to inhibit the Hh signaling pathway, 5637 and T24 cells treated with tetrandrine for 24 h were used to examine changes in the Gli-1 level. As shown in Fig. 4B and C, tetrandrine downregulated Gli-1 expression in a dose-dependent manner in mRNA and protein levels. These observations indicated that Hh signaling pathway may play an important role in the pathogenesis of bladder cancer.
Tetrandrine inhibits migration and invasion of bladder cancer cells at least partly through downregulating Gli-1.
To determine whether tetrandrine negatively regulate Gli-1 to modulate tumor migration and invasion of bladder cancer, we overexpressed Gli-1 by transiently transfecting Gli-1 plasmid into 5637 and T24 cells (Fig. 5A and B) . Tetrandrine decreased the width of scratches and reduced the cell number in the lower transwell chamber, while combined Gli-1 overexpression potentiated the migration and invasion ability of 5637 and T24 cells (Fig. 5C and D) . These results indicated that Gli-1 participated in the antitumor effect of tetrandrine on migration and invasion in bladder cancer. Through western blot analysis of EMT markers, we further found that the elevated level of E-cadherin and the reduced expression of N-cadherin, vimentin and Slug by tetrandrine could be partially reversed when combined with the Gli-1 overexpression in bladder cancer cells (Fig. 5E ). Taken together, these results suggest a deeper concept that tetrandrine might inhibit bladder cancer migration and invasion, and reverse EMT at least partly through negatively regulating Gli-1.
Discussion
Numerous studies in the literature have shown that tetrandrine exhibits strong antitumor effect against various cancer. However, there have been only a limited number of studies on the anti-metastasis activity of tetrandrine on cancer cells. It has been reported that tetrandrine significantly inhibited tumor metastasis in a mouse model of stage IV breast cancer, involving the endothelial cell-specific molecule-1 (ESM-1), integrin β5 protein and intercellular cell adhesion molecule-1 (ICAM-1). In our earlier study (data not shown), we found that tetrandrine could inhibit metastatic phenotype of prostate cancer cells by regulating AKT/mTOR/MMP-9 signaling pathway. In this study, our results demonstrated that tetrandrine significantly inhibited bladder cancer migration and invasion, suggesting that tetrandrine might be a potential therapeutic method for bladder cancer.
Epithelial-mesenchymal transition (EMT) is a process in which epithelial cells lose their characteristics and gain mesenchymal features. EMT could result in invasion of surrounding stroma, intravasation, dissemination and colonization of distant sites. Therefore, EMT may confer metastatic characteristics on carcinomas to some extent. Studies have shown that EMT has a positive impact on HCC invasion and metastasis (29) . A hallmark of EMT is the downregulation of E-cadherin (30) . E-cadherin is a cell adhesion molecule involved in the cell-cell adhesion. The decreased level of E-cadherin is considered to indicate elevated metastatic activity of cancer. While the increased expression of N-cadherin, vimentin and Slug are correlated with poor prognosis and tumor aggressiveness (31, 32) . In our study, we observed an induced expression of E-cadherin while a reduced expression of N-cadherin, vimentin, Slug and a decreased mobility in bladder cancer cells treated with tetrandrine, suggesting a potential role of tetrandrine in the blockade of EMT involved in early metastasis.
Hedgehog (Hh) pathway has been verified to play a momentous role in embryonic development and the tumor progression. Previous studies have shown that the Gli-1 is a vital effector of the Hedgehog pathway (33) . High expression of Gli-1 has a positive correlation with the invasiveness of breast cancer (34) , and with the poor prognosis of disease (35) . Additionally, we found that the mRNA level of Gli-1 in 6 different bladder cancer cells is significantly higher than that in bladder epithelial SVHUC-1 cells. Studies indicated that aberrant activation of Hedgehog (Hh) could facilitate cancer EMT, invasion, and metastasis (36) . In gastric cancer, Hh signaling pathway potentiates metastasis by positively regulating Akt, EMT and MMP-9 pathway (37). Additionally, it was reported that hypoxia can upregulate Gli-1 to induce EMT and to enhance tumor invasiveness in pancreatic cancer (38) . Accumulating evidence indicates that Hedgehog signaling pathway especially Gli-1 is correlated with EMT, and tumor invasion and metastasis. However, the roles of Gli-1 in the tetrandrine-induced EMT and invasion of bladder cancer cells have not been clarified. Our findings show that tetrandrine combined with Gli-1 overexpression could attenuate the anti-metastatic capability of tetrandrine on bladder cancer. Furthermore, the expression of E-cadherin was down while the N-cadherin, vimentin and Slug levels recovered to some extent. These findings deepen the concept that Hedgehog signaling is a fundamental driver of tumor metastasis in bladder cancer, thus Hedgehog pathway blockage by tetrandrine is a promising novel treatment strategy for unresectable forms of bladder cancer.
Taken together, our above results demonstrated that tetrandrine inhibits bladder cancer cell migration and invasion, and reverses EMT in vitro by negatively regulating Gli-1. It is suggested that Gli-1 could be potential therapeutic target of tetrandrine against bladder cancer.
